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(2014). Dual roles for ubiquitination in the processing of sperm organelles after fertilization. BMC Dev. Biol. 14, 6. The impact of age on a woman's ability to produce normal eggs remains a great enigma of human biology. A new paper provides intriguing experimental evidence that age may cause a breakdown in the egg cell division machinery.
By comparison with other eukaryotes, the error rate in human eggs is astronomical. In the prime of reproductive life, over 10% of the eggs we ovulate are chromosomally abnormal, or aneuploid. In contrast, meiotic error rates in the best characterized of our eukaryotic cousins (e.g., yeast, worms, and female Drosophila) are less than 1%. By the time we reach our mid-thirties, our prospects of producing a genetically normal egg grow increasingly bleak ( Figure 1 ). The clinical relevance of this rapid decline in egg quality has increased in developed nations during the past several decades 
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Dispatches as mean maternal age at birth has crept steadily upward (Figure 1 ). The effect of maternal age is unusual because it kicks in well before a woman can really be considered 'aged'. In addition, the increase in errors with age isn't gradual, but rises precipitously in the mid-thirties. Intriguingly, the increase with advancing age is mirrored by a small but significant increase at the other end of the age spectrum, the difficult-to-study teenage years ( Figure 1 ). New findings published in this issue of Current Biology suggest that disturbances in microtubule dynamics may contribute to errors associated with advancing maternal age [1] .
Oogenesis, the process of making an egg, is initiated during the first trimester of human fetal development when germ cells that reach the developing ovary enter meiosis. Because the chromosomal connections critical for successful meiotic cell division are forged in the fetal ovary, fetal events set the stage for errors that will occur years later in adult women [2] . Homologues, the two copies that we possess of each chromosome -one from father, one from mother -close in on each other like tango dancers, and sparks fly. Double strand breaks (DSBs) are induced in their DNA, and the pair become genetically intermingled when a few strategically placed DSBs are chosen for repair by homologous recombination. These sites of repair -crossoverscreate physical connections between the homologues that are essential for the specialized first meiotic cell division, which reduces the chromosome number by half, allowing for the production of haploid gametes. In human oocytes, the features of these fetal events are quite unusual. By comparison with the female mouse and human males, the dance between human homologues in the oocyte is strikingly different, and mistakes are common [3] . In addition, new data suggest that human oocytes are surprisingly inefficient at translating DSBs into crossovers, and this inefficiency predisposes to aneuploidy [4] .
Because the stage is set during fetal development and the effect of age is complex, it is difficult to study human agerelated aneuploidy. Female mice, despite their comparatively low error rate and modest age effect, have proved a useful model for testing the predictions of specific hypotheses. For example, we have obtained valuable insight into sex-specific differences in meiotic recombination and cell cycle control [3, [5] [6] [7] . Additionally, studies in mice have provided evidence that environmental exposures can induce effects on meiotic chromosome behavior both pre-and postnatally [8, 9] . Further, the identification of players that mediate the specialized chromosome behaviors essential for meiotic cell division has led to a resurgence of interest in the mouse as a model for the age effect. Specifically, loss of cohesin proteins that are established during the onset of meiosis in the fetal ovary has been proposed to underlie the effect of aging [10, 11] . This is a wonderfully appealing but imperfect model for the human age effect. Loss of cohesins from meiotic chromosomes in mouse oocytes is evident at an age that This curve shows the frequency of conceptions with an extra chromosome. Changes in mean maternal age at birth from 1970 to 1994 and 2014 are highlighted along the curve (balloons) and represent data from the Organization for Economic Co-operation and Development (OECD) Family Database (http:// www.oecd.org/els/family/database.htm). Total aneuploidy estimates are based on the assumption that chromosome loss (a lethal condition for all but the sex chromosomes) and gain occur with equal frequency. In addition, because the incidence of abnormalities at fertilization is likely substantially higher, these values are clearly underestimates. Nevertheless, they show that, for women in their 20s and early 30s (blue area), nearly 10% of clinically recognized pregnancies are chromosomally abnormal and, for women in their late 30s and early 40s (red area), the incidence rises to over 50%. Graph adapted from [17] with permission from Springer.
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Dispatches roughly corresponds to the sharp inflection on the human age curve, but an appreciable jump in aneuploidy levels only becomes evident in 'mouseopausal' females [11] . Although mouse models of reproductive aging are, by necessity, more equivalent to menopausal women than thirty-somethings, it seems likely that loss of cohesion plays a significant role in human meiotic errors. The assumption, however, that it is the basis of human agerelated aneuploidy implies that cohesins do an adequate job for thirty years but then suddenly crumble to bits. Importantly, studies in mice also provide compelling evidence that a wide range of disturbances during oocyte growth and maturation, including hormonal stimulation to induce ovulation, in vitro culture, and environmental exposures can increase the incidence of errors ( [12] and reviewed in [13] ). Thus, taken together, the evidence clearly points to factors other than a simple age-related loss of cohesion.
What are these other factors? The assisted reproductive technology (ART) world has long been captivated by the idea of 'transfusing' eggs from older women with young cytoplasm to improve the chances of successful pregnancy in older patients [14] . Mitochondria are maternally inherited, thus the prospect of genetic contributions from two mothers (genomic and mitochondrial) raises ethical concerns, but the technology has been approved for the treatment of mitochondrial disease in the United Kingdom. Now, the new findings presented by Nakagawa and Fitzharris [1] strengthen the argument for broadening the use of this technology to the treatment of age-related infertility.
Studying the resumption of meiosis in the oocyte (an event that normally occurs in the peri-ovulatory follicle), the authors found a striking age effect. Live confocal imaging revealed defects during the early stages of spindle formation, with multipolar rather than normal bipolar spindles forming in about half the oocytes from aged females. This finding rather remarkably recapitulates age-related defects in meiotic spindle formation and chromosome alignment in human oocytes reported in the 1990s [15, 16] . Although bipolar spindles did eventually form in the mouse oocytes studied by Nakagawa and Fitzharris, early disturbances in microtubule organization proved a bad omen -the incidence of multipolar spindles was correlated with retarded chromosome alignment and lagging chromosomes at anaphase. Intriguingly, the laggards proved to be intact chromosomes, not the single chromatids that would result from premature loss of cohesion (known as PSCS). This finding is also interesting in light of human studies: Although PSCS has been implicated as a major mechanism of error on the basis of studies of ART-derived eggs and embryos, data from natural pregnancies argue for a high incidence of true nondisjunction, at least for some chromosomes.
To determine if the defects in spindle formation they observed reflected agerelated changes to the chromosomes, Nakagawa and Fitzharris took advantage of the fact that spindle-like structures form in oocytes in the absence of chromosomes. Their analysis of enucleated oocytes implicated the machinery, not the cargo, since the pseudospindles evident in 'young' oocytes failed to form in the majority of oocytes from aged females. Confirmation, and the strongest evidence that the egg machinery fails with age, was provided by nuclear transfer experiments: 'young' cytoplasm rescued the age effect on spindle formation in nuclei from 'aged' oocytes, but multipolar spindles formed in the majority of 'young' nuclei transferred into 'old' cytoplasm.
These experimental data not only dovetail nicely with expectations based on data from studies in humans, they also fill in gaps in the age-related loss of cohesion hypothesis. The chromosomes themselves obviously play a pivotal role. Proper placement of sites of recombination between homologues and the establishment and maintenance of cohesion are critical for faithful meiotic cell division. But the chromosomes themselves tell only part of the story. The new evidence that the wheels come off the cell division machinery with age is consistent with the view of human agerelated aneuploidy as a perfect storm. Critical elements are initiated during fetal development, but the range and scope of factors that can disrupt the process intensify during the process of egg growth, maturation and ovulation.
Although the studies by Nakagawa and Fitzharris provide no insight into the molecular mechanisms underlying agerelated changes in spindle formation, perhaps chasing this important new dimension of aging will ultimately help us understand why the human ovary exhibits the first serious signs of age. In the meantime, age-related impairment of microtubule growth and organization argues strongly for the new therapeutic strategies being developed and used in human ART. Thus, coming to grips with the ethical concerns of two maternal genetic contributions (i.e., mitochondrial and genomic) may offer the best hope for women whose biological clocks have ticked into the danger zone.
How does the brain hold information about multiple stimuli online after they have disappeared? A new study shows that neurons in the human medial temporal remain active while images are memorized, demonstrating that spiking activity keeps multiple memories online.
Imagine you are at a dinner party. The host introduces you to four people who tell you their names. Your partner walks over and you decide to introduce them to your new acquaintances. What was the name of the first person again? Keeping information in memory in the face of distracting or competing information is a critical process, not only to avoid social embarrassment, but for almost all cognitive tasks. We refer to the process that holds information online for later recall as working memory. Previous studies have revealed that the identity of a single item in working memory is coded as a pattern of persistently firing neurons across multiple brain regions. It is not yet clear, however, how multiple items are stored in working memory. Suppose that the host introduces you to the third dinner guest: is the memory of the first guest still actively maintained as a pattern of persistent activity? There are alternative possibilities: coding schemes have been proposed in which memorized information outside the focus of attention is rapidly encoded as changes in the strength of connections between neurons, without the need for persistent firing. A new study reported in this issue of Current Biology [1] investigated the activity of neurons in the medial temporal lobe of subjects who had to remember three or four pictures that were presented sequentially. The spiking activity of many neurons coded for the identity of the most recently presented picture: but a small percentage of the neurons also coded for the memory of pictures that had been presented earlier in the sequence, supporting the idea of persistent firing for multiple items in memory.
Recordings of neural activity during working memory tasks have repeatedly demonstrated that neurons in many brain areas maintain an elevated firing-rate during delay-periods, even in the face of competing or distracting stimuli [2] . Initially, working memory was assigned to the prefrontal cortex on the basis of lesion studies and electrophysiological recordings in monkeys [3] [4] [5] [6] . But many different brain areas have been found to contain neurons that exhibit sustained firing during delay-periods (reviewed in [7] ). The wide distribution of cells with delay-period activity supports the view that working memories are held online in the enhanced activity of neurons in a distributed network of brain areas, although the mechanisms by which activity is sustained remains unknown [8] .
Working memory has a limited capacity of around four items [9] , and not all items in working memory are equal. Items that are actively being used for the current task have much stronger representations than items which are currently not relevant, but still held in memory [10] . At first sight, the representations of these unattended
